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(g) Heat treatment of SI single crystal. 

(57) The method of this Invention for heat treat- 
ment of a Si single crystal grown by the Czoo- 
hralski method at a speed of pull of not less 
than 0.8 mm/min., characterized by heat-treat- 
ing at a temperature in the range of from 1,150 
°C to 1.280 °C a wafer cut out of the SI single 
crystal thereby producing a SI wafer excellent in 
oxide film dielectric breakdown voltage charac- 
teristic due to elimination of crystal defects. 
Consequently, this Invention ensures produc- 
tion of LSI In a high yield. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This (nv ntlon r lat s t heat tr atment of a SI 
single crystal. More particularly, this invention relates 
to heat treatment of a Si single crystal for production 
of a SI wafer excellent In oxide film dielectric break- 
down voltage characteristic. 

DESCRIPTION OF THE PRIOR ART 

Increasingly high Integration of semiconductor 
circuits and the attendant miniaturization erf their ele- 
ments have been urging a growing decrease in thick- 
ness of insulating oxide films In the gate electrode 
parts of MOS-LSI. Even these thin insulating oxide 
films are required to exhibit a high dielectric break* 
down voltage during the operationof relevant device 
elements, suffer only a small leak current, and fulfil 
their functions with high rellablity. 

For the production of these device elements, SI 
single crystals produced by the Czochralski method 
are used. The St single crystals of the Czochralski 
method contain crystal defects owing to the thermal 
history experienced In highly heated portions during 
the growth of crystal. 

When LSI elements are formed with a wafer from 
a Si single crystal containing such crystal defects, the 
insulating oxide films in the elements offer a problem 
of inferior dielectric breakdown voltage. 

For a given Si wafer to allow production of LSI ele- 
ments in a high yield, it Is important that the Si wafer 
should be free from such defects as to Impair the 
dielectric breakdown voltage characteristic of the 
oxide film. 

These crystal defects are found to be correlated 
with the speed of growth of a crystal; the density of 
defects decreases and consequently the dielectric 
breakdown voltage characteristic of an oxide film 
improves in accordance as the speed of crystal 
growth decreases. From the commercial point of view, 
the Si single crystals produced with due respect to this 
correction have a problem of poor efficiency on 
account of a low speed of crystal growth. 

This problem will be discussed below on the basis 
of the knowledge the Inventors acquired during their 
study which led to perfection of this Invention. Fig. 4 
shows the density of defects in a wafer taken from a 
Si single crystal produced by the conventional tech- 
nique in relation to the speed of crystal growth. The 
determination of the density of defects was carried out 
by etching a given wafer for 30 minutes In accordance 
with the selective etching method (the method using 
an etching solution consisting of 2 g of K 2 Cr20 7 , 50 ml 
of H 2 0, and 100 ml of HF; Secco D'Arragona, F.: J. 
Electrochem. Soc., 119: 948, 1972) and then taking 
count f scale-like patterns f rmed on the etched sur- 



face as bserved under an ptical microscope. The 
d nsiyofscale-lik patterns was 20 counts/cm* when 
the speed of crystal growth was as low as 0.4 mm/min. 
When th speed of crystal growth exceeded 1 
5 mm/min., however, this density was as high as 
1,000/cm* 

Wafers of this class were tested for determination 
of the dielectric breakdown voltage characteristic of 
oxide film. The determination of the dielectric break- 
to down voltage characteristic of oxide film was carried 
out by forming 100 elements in a given Si wafer, 
selecting out as acceptable products the elements 
whose oxide films had dielectric breakdown voltages 
exceeding 8 MV/cm. For testing the oxide film dielec- 
15 trie breakdown voltage characteristic, gate parts 
measuring 8 mm 2 in area and made of polysiilcon 
were used. The formation of an oxide flm were carried 
out at 900°C for 1 00 minutes (in an atmosphere of dry 
oxygen). The oxide films had a thickness of 250A . 
20 The actual results of determination are illustrated 
in terms of relation between the ratio of acceptable 
products (with sufficiently high oxide film dielectric 
breakdown voltage) and the density of scale-like pat- 
terns. In the case of a SI wafer which registered a high 
2$ density of scale-l ike patterns of 1 ,000 counts/cm 2 , the 
ratio of acceptable products because of sufficiently 
high oxide film dielectric breakdown voltage was 
about 40%. When the density of scale-like patterns 
was about 200 counts/cm 2 , the ratio of acceptable 
30 products was 80%. These results Indicate that the 
improvement of the ratio of acceptable products of 
sufficientiy high oxide film dielectric breakdown volt- 
age requires to decrease the density of scale-ike pat- 
terns appearing during the selective etching, namely 
35 to decrease the density of defects. 

SUMMARY OF THE INVENTION 

This Invention, conceived in the urge to overcome 
40 the drawbacks of the prior art mentioned above, aims 
to provide a method which, in a wafer from a Si single 
crystal, effects elimination of crystal defects possibly 
contained while the Si single crystal la grown at the 
lowest costwlse acceptable speed. 
45 The heat treatment of this invention of a Si single 
crystal grown by the Czochralski method at a speed 
of pull of not less than 0.8 mm/mln., characterized by 
heat-treating at a temperature In the range of from 
1 .1 50 °C to 1 ,280 °C a wafer cut out of the Si single 
50 crystal thereby producing a Si wafer excellent in oxide 
film dielectric breakdown voltage characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1 is a graph showing the effect of the tem- 
perature of heat treatment on the density of scale-like 
patterns. 

Fig. 2 is a graph showing the effect f the time of 



2 



I 



3 EP 0 503 816 A1 4 



heat treatment on th density of scaJe-Jfce patterns. 

Fig. 3 is a graph showing th effect of preheat 
treatm nt nth rati of acceptable products of suffi- 
ciently high oxide film dielectric breakdown voltage. 

Fig. 4 Is a graph sh wing the reiati n between the s 
density of scale-like patterns and the speed of crystal 
growth. 

Fig. 5 is a graph showing the relation between the 
density of scale-like patterns and the ratio of accept- 
able products of sufficiently high oxide flm dielectric 10 
breakdown voltage. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

18 

In this invention, the heat treatment is given to a 
wafer which has been cut off a St single crystal grown 
grown by the Czochralski method at a speed of pull of 
not less than 0.8 mm/min. This Invention, therefore, 
has a great significance in allowing production of a Si 20 
wafer excellent in oxide film dielectric breakdown volt- 
age characteristic from a SI single crystal grown at the 
lowest costwise acceptable speed of not less than 0.8 
mm/min. by heat-treating the wafer from the single 
crystal thereby obtaining elimination of crystal defects 25 
from the wafer. 

Now, this invention wll be described below with 
reference to the accompanying drawings. 

Fig. 1 shows the relation between the density of 
crystal defects (scale-like patterns observable by the 30 
selective etching method) and the temperature of heat 
treatment. It is clearly noted from the diagram that 
while a SI wafer having a small density of scale-like 
patterns before the heat treatment has a small density 
even after the heat treatment, a Si wafer having a 35 
large density of scale-like patterns before the heat 
treatment acquires an effective decrease of the den- 
sity in consequence of the heat treatment performed 
at a temperature of not lower than 1,150 °C . Fig. 2 
shows the relation between the density of scale-like 40 
patterns and the time of the heat treatment at a tem- 
perature of 1 ,200 Q C . From this diagram, it is clearly 
noted that even a Si wafer having a large density of 
scale-like patterns before the heat treatment acquires 
an effective decrease in the density of scale-like pat- 43 
terns in consequence of the heat treatment performed 
for a period of not less than 10 minutes. 

In the light of the data described above, the tem- 
perature of the heat treatment must exceed 1 ,1 50 °C. 
Further since the upper limit of the working tempera- 50 
ture of a quartz tube to be used for the heat treatment 
is 1,280 °C and since the degree of contamination 
increases in proportion as the temperature increases, 
the temperature of the heat treatment contemplated 
by this Invention is limited to the range of from 1 ,1 50 56 
•C to 1,280 »C, preferably from 1,150 °C to 1,200 °C. 
The time of the heat treatments desired to be not less 
than 10 minutes, preferably to be in the range of from 



10 to 120 minutes. N sufficient I imlnation of crystal 
defects Is fatal ned ff the time of the heat treatment Is 
less than 10 minutes. The heat treatment tends to 
impair the ec nomy thereof If this time exceeds 120 
minutes. 

<Example> 

Now, this Invention will be described below with 
reference to a working example. 

Example 1 

Several silicon semiconductor single crystal bars 
130 mm in diameter were grown by the Czochralski 
method with the speed of pui! varied between 0.4 
mm/min. and 1.6 mm/min. These single crystal bars 
were Invariably pulled in the orientation of <100>. 
Wafers of a prescribed thickness were cut out of each 
of the single crystal bar with a diamond eaw. The waf- 
ers were finished as polished wafers by having their 
surfaces chemically polished. 

The Si wafers thus obtained were subjected to the 
heat treatment and then etched for 30 minutes by the 
selective etching method to determine the relation be- 
tween the temperature of the heat treatment and the 
density of scale-like patterns formed on the etched 
surfaces. The results are shown in Fig. 1. It Is clearly 
noted from the diagram that even a wafer having a 
large density of scale-lice patterns (abounding in crys- 
tal defects) were deprived of the scale-like patterns by 
the heat treatment at a temperature exceeding 
1,150°C , Indicating that the heat treatment brought 
about elimination of crystal defects. 

Then, a wafer sample having a density of scale- 
like patterns of 2.000/cm 2 was heat-treated at a tem- 
perature of 1,200°C , to determine the relation 
between the time of the heat treatment and the den- 
sity of scale-like patterns. The results are shown in 
Fig. 2. It is dearly noted from the diagram that the heat 
treatment at 1 ,200 °C produced a notable decrease of 
crystal defects when the time of this heat treatment 
exceeded 10 minutes. 

Subsequently, the heat-treated SI wafer was tes- 
ted to determine the effect of the heat treatment upon 
the improvement of oxide flm dielectric breakdown 
voltage characteristic in terms of the relation between 
the speed of crystal growth and the ratio of conforming 
products of satisfactorily high oxide film dielectric 
breakdown voltage. The determination of the oxide 
film dielectric breakdown voltage characteristic was 
carried out by forming 100 elements in a given Si 
wafer and selecting as conforming products the ele- 
ments whose oxide films exhibited dielectric break- 
down voltage exceeding 8 MV/cm. For testing the 
oxide flm dielectric breakdown voltage characteristic, 
gate parts measuring 8 mm 2 in area and made of 
polysilicon w re used. The format! n of an oxide film 
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wer carried out at 400°C for 100 minut 8 (in an 
atmosphere of dry oxygen). The oxide films had a 
thickness of 250A . The results are shown in Fig. 3. In 
the diagram, the circular mark (O) demotes a sample 
not undergone th heat treatment, the triangle mark b 
(A) a sample preheat-treated at 1,100 °C for two hours 
(in an atmosphere of dry oxygen), and the square 
mark (O) a sample preheat-treated at 1 ,200 °C for two 
hours (in an atmosphere of dry oxygen). For a fixed 
speed of crystal growth about of 1 2. rnm/mln., the ratio 10 
of conforming products with sufficiently high oxide film 
dielectric breakdown voltage from the samples given 
no heat treatment was about 40%. In the case of the 
samples subjected to the preheat treatment at 1,100 
°C , the ratio of acceptable products was 50%, Indicat- 1 6 
ing an improvement of about 10% in the characteris- 
tic. In the case of the samples subjected to the preheat 
treatment at 1 ,200°C , the rate of acceptable products 
was 70%, indicating an improvement of about 200% 
relative to the ratio obtained of the samples given no 20 
preheat treatment. The samples given no preheat 
treatment and excelling In dielectric breakdown volt- 
age characteristic gave a high rate of acceptable pro- 
ducts of sufficiently high oxide film dielectric 
breakdown voltage without reference to the heat treat- 25 
ment, indicating that the Si wafers of this nature 
retained highly satisfactory oxide film dielectric break- 
down voltage characteristic even after a preheat treat- 
ment at a high temperature. It is now evident that in 
S i wafers produced at speeds of crystal growth falling 30 
in a wide range, the heat treatment of this invention 
adapted to the qualities of the Si wafers is effective in 
Improving and uniformtzatfon of the oxide film dielec- 
tric breakdown voltage characteristics of the SI waf- 
ers. 35 

It Is clear from the description given above that 
even from Si single crystals grown at a commercially 
efficient high speed of crystal growth, the heat treat- 
ment of this invention applied as property adapted 
allows production of Si wafers excelling in oxide film 40 
dielectric breakdown voltage characteristic due to 
elimination of crystal defects. Consequently, this 
invention ensures production of LSI in a high yield. 



Claims 

1 . A method for heat treatment of a wafer cut out of 
a Si single crystal bar grown by the Czochralskl 
method at a speed of pull exceeding 0.8 mm/min., so 
characterized by heat-treating said wafer at a 
temperature in the range of from 1,150 °C to 
1,280 °C thereby improving the oxide film dielec- 
tric breakdown voltage. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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